The recent exponential increase in tlie knowledge of genetics has revolutionized the understanding of congenital heart diseases (CHDs) dunng the past few decades Pnor studies have reported the influence of Mendelian disorders on CHDs to be very small, when compared to the polygenic inheritance, which constituted a higher percentage The recent findings of candidate genes responsible for CHDs have provided new insights into the genetic basis of heart malformation Here we reviewed the understandings of different types of heart lesions associated with syndromes for which genetic etiologies are apparent, as well as the recent developments involving the molecular pathways involved in CHDs in case of human beings The similar mutations, which are the devastating events of molecular mechanism, may be the cause of different types of CHDs indicating single gene defects as the cause of different apparent phenotypes An integrated simple model will explain the causes of presently well known CHDs This review provides updated information on the genetic basis for cardiac defects which helps to understand, identify, prevent and treat individuals who might be at risk at an early stage There is a need to find heart defects as early as possible so that they can be treated while the heart is still forming 
Incidence Introduction
Congenital heart diseases (CHDs) are the most common of all birth defects and are the leading cause of mortality in the first year of life It has been well established that abnormal heart development is the major cause of the disease, which is mainly due to the comCHDs are the most common single group of congenital abnormalities accounting for about 30% of the total abnormalities.'"' In most patients, CHDs occur as an isolated malformation, but also about 33% have associated anomalies '^' World wide CHDs tn children continues to be a major public problem with the incidence in different studies varying from 1-17.5/1000 live births [ Table 1 ] and 10% of spontaneously aborted fetus.'^i The available data on CHDs in India shows an incidence of 1-5/1000 live births.[^«i
Classification of CHDs
The CHDs could take place in any side of the heart: with VSD some amount of blood is passed into the right ventricle and into the pulmonary artery back to the lungs.
As the heart has to pump extra blood and is overworked it might transform the septum into a honey combed Swiss cheese structure with sieve like fenestrations. It is classified into 2 main types according to their location relative to the components of the septum. The common types are perimembranous and trabecular.
(3) Patent Ductus Arteriosus (PDA): Ductus arteriosus, the temporary duct connecting the left pulmonary artery to the aorta in the fetal heart, fails to close after birth. This allows blood to mix between the pulmonary artery and the aorta, which results in too much blood traveling to the lungs. (5) Aortic Stenosis (AS): Narrowing of the aortic valve between the left ventricle and the aorta is called aortic stenosis. Normally there are 3 leaflets or cups in a valve, but in a stenotic valve there is one (unicuspid) or two (bicuspid). Obstruction may be valvular, subvalvular (sub aortic) or supra valvular. This makes it hard for the heart to pump blood to the body.
(6) Coarctation of the aorta (COA): It is a constricted segment of the aorta that obstructs blood flow to the lower part of the body and increases blood pressure above the constriction. It usually occurs as isolated disease, but may occur with a VSD, sub aortic stenosis or complex CHDs.
(7) Tetralogy of Fallot (TOF): TOP is made up of 4 separate components: a) VSD, that lets blood pass from the right to the left ventricle without going through the lungs and b) a narrowing (stenosis) at or just beneath the pulmonary valve. This narrowing partially blocks the blood flow from the right side of the heart to the lungs.
c) The right ventricle is more muscular than nonnal, and d) the aorta lies directly over the VSD. Collectively, this results in cyanosis or blue baby, which may appear soon after birth, in infancy or later in childhood. (12) Pulmonary Artesia (PA): In this case no pulmonary valve exists; therefore blood cannot flow from the right ventricle into the pulmonary artery and on to the lungs. The only way for the blood to reach the lungs is the ductus arteriosus which is found during the fetal condition which closes after birth. The mixing of oxygen rich blood and oxygen poor blood results in cyanosis. oping heart tube bends to the left instead of the right, then the heart is displaced to the right and develops in a mirror image of its normal state. This is a condition called situs inversus. In many a cases Dextrocardia heart functions normally unless there are no associated vascular abnormalities. In cases where the heart is the only organ, which is transposed, known as isolated Dextro-cardia, there are usually other severe cardiac abnormalities associated with it. Table 2 provides incidence of various types of CHDs in the world population, which indicates that VSD, ASD and PDA are more prevalent both at National and International level.
Despite a large number of cardiac diseases that exist, there are only a limited number of physiological disturbances that can be produced. It is usually present in infancy as i) Symptomatically with cyanosis, congestive heart failure, shock. Arrhythmias, ii) Asymptomatically with heart murmur and ill) Others which includes different respiratory tract infections and growth failure. multifactorial means both genetic and environmental factors interact, to interfere with the development of the heart. Increased incidence of CHDs has been noted with intrauterine viral infections, maternal drug and alcohol consumption during first trimester of pregnancy and pregnancy-induced systemic maternal disease.'"' Although most CHDs occur as a sporadic event, many diseases are part of a well-defined genetic basis.'"'^"i In addition to Mendelian disorders, certain types of CHDs are associated to single gene or single locus defects.
Chromosomal anomalies
The association of CHDs with chromosomal anomalies varies between 4-12%.'^^' The following are some of them: (g) Fragile -X Syndrome: It is caused by a trinucleotide repeat expansion (CGG) in the fragile X mental retardation gene {FMR1) at Xq27.3.P^' Cardiac disease include mitral valve prolapse, which can be seen in up to 50% of adult patients with Fragile X syndrome. There are also incidences of mild dilation of aortic root in adults.P*' (h) Chromosome Deletion and duplication Syndromes: Congenital heart lesions are common in most of the macro deletion syndromes and the cardiac anoma}ies vary widely even in tliose with apparently identical deletion breakpoints. It includes 3q, 4q, 5p, 8p, 9p, 11q, 13q, 18p, and 18q deletion syndromes.^"' There are an equal number of duplication syndromes that also can be present with multiple congenital malformation and cardiac lesions such as 1p, 2p, 2q, 2p, 5p, 8p, 13q and 16q duplication syndromes.'^"' Many affected children have a combination of deletions and duplications involving the respective chromosome segments that were Involved in the rearrangement. Some of them are:
(i) Deletion 22Q11.2 syndrome: It comprises of 3 major syndromes: DiGeorge Syndrome (DGS), Velo cardio Facial syndrome (VCFS) and Conotruncal anomaly face syndrome (CTAFS). Clinically these syndromes have overlapping phenotypes. The land marking features of Digeorge syndromes are heart abnormalities, trouble with calcium level, immune system problems due to the small size or absence of the thymus and or parathyroid. The important features of velocardiofacial syndrome are cleft palate, heart disease, learning disabilities and a characteristic facial appearance. CATCH 22 is the medical acronym of 22q11 deletion syndrome (which stands for Cardiac defect, Abnormal face. Thymic hypoplasia. Cleft palate and Hypocalcemia 22q11.2 deletion). Individuals with this syndrome have a range of findings, including CHDs particularly conotruncal malformations (TOF, lAA, and TA); palatal abnormalities (velopharyngeal incompetence), sub mucosal cleft palate as well as cleft palate; and learning difficulties. The incidence of this syndrome is 1 in 4500 live birttis. It is sporadic in ~ 90% of the cases. This deletion is ~ 3Mb long in 90% of the patients and 1.5 Mb in 10% of cases. It is estimated to encompass ~30 genes. It has also been reported that UFD1L gene is not the only target in chromosome 22q11 syndromes for CHDs.t^*' Since the recent mouse studies of TBX1 haploinsufficiency have established TBX1 contribution to conotruncal development, it has been hypothesized that human TBX1 haploinsufficiency via chromosome 22q11 deletion plays a major role in human DGS/ VCFS conotruncal disease.P^' Less than 1 % of patients with clinical findings of the 22q11.2 deletion syndrome have a translocation between chromosome 22 and 11 .'^^•^*' Standard karyotypic analysis, even with high-resolution banding techniques will only detect 10-20% of 22q11 deletions. Currently, FISH is the method of choice for microdeletion detection.'^si
(ii) Woif-hirschhorn syndrome: This syndrome is due to deletion of terminal segment of chromosome 4pPoi There is increased incidence of cleft lip, palate, seizures and heart disease (30%).^^' 
Gene mutations
At present, very few candidate genes have been identified which cause CHDs in human beings, partly because of lack of large pedigrees segregating a well defined type of CHDs. Some of them are presented in Table  3 . C554T (Gln149ter) C618T (Gln170ter) C642T (Thr178Met) C673A (Asn188Cys) C674G (Arg189Giy) A681G (Tyr191Cys) C701T (Gln198ter) C886A (Tyr259ter) C182T (Arg25Cys) A44T (Lys15lle) G61 (Glu21Gin) A65C (Gln22Pro) C73T ( analyze isolated heart disease with complex inheritance patterns. We need to extend the ability of physicians to find heart defects as early as possible so that, they can be treated while the heart is still forming. It is expected that once we identify specific genetic basis for cardiac defects it should be possible to identify and treat individuals who might be at risk at an early stage.
Original Gommunication
Prevalence of congenital heart diseases in Mysore 
Materials and Methods
The present investigation was conducted in Mysore from the year 2000 to 2004 Data on the prevalence of CHDs were collected and analyzed from the three major hospitals, Cheluvamba Hospital, CSI Holdsworth Memorial Hospital and J.S.S Hospital These hospitals receive major number of children as patients which also includes patients referred by other hospitals from in and around Mysore. These hospitals are easily accessible to all the city inmates as well as, to the inmates of neighbounng distncts and are affordable to the common man. The subjects in the present study included pediatnc live births and inpatients that had been examined for various illnesses in the hospital by the pediatricians.
The source of information was the medical and echocardiography records at these hospitals. The suspected CHD patients who showed symptoms like poor feeding, failure to thrive, respiratory problem, discrepancy in pulse, cyanosis, heart murmur, abnormal chest X-ray, or strong family history had been subjected by the authors for further clinical diagnosis, extensive X-ray analysis, ECG and echocardiography examination for the conformation of the CHDs Care had been taken to avoid duplication of the cases in the same hospital or the cross over to other hospitals in Mysore during the study period. The other frequent defects were found to be ASD (114 patients) with a prevalence of 19.06% followed by TOF with 13.38% (80 patients) and PDA with 9.53% (57 UK (1981) USA (1990) Bohemia (1999) Denmark (1980) Qatar (1997) Japan (1990) Bangalore (1995) Mexico (1998) Egypt (2000) Oman ( Table 5 reveals the age when the CHDs were detected in the patients It is clear that the maximum CHDs were detected in the first year of life when compared to the later years of life [ Figure 3 ]
Discussion

___^__^__
The recent exponential increase in the knowledge of genetics has revolutionized the understanding of CHDs during the past few decades.'^^' India alone has one sixth share of the world population, which is a suitable place to generate meaningful data on the prevalence of CHDs 1 m = neonates to one month of age 6 m = The age of the children is more than one month and less than six months, 1 y = The age of the children is more than SIX months and less than one year 2 y= The age of the children is more than one year and less than two year, and so on Therefore the present work has been undertaken to 
INTRODUCTION
Congenital heart disease (CHD) is the malformations of the heart or the large blood vessels associated with the heart, affecting various parts or function. It is one of the leading causes of death in the first year of life (Snvastava 2001). Prevalence of CHD worldwide is found to range from 1.0 to 50.89 per 1000 livebirths including India (Smitha et al. 2006 ). These are grouped as multifactorial defects, however about 4 to 12% of the CHDs are found to be associated with various chromosomal anomalies (Smitha and Ramachandra2005).
Cytogenetic aberrations on chromosome 9 (aneuploidy, deletions, translocations, inversions) have been reported to be one of the most frequent abnormalities. The range of phenotypic consequences found to be associated with these abnormalities are mild growth retardation, malformations of the skull and facial (craniofacial) region, abnormalities of the hands and fingers, skeletal malformations, and/or cardiac defects ). This particular pencentric inversion has also been implicated as a possible predisposing factor for nondisjunction and interchromosomal effect (Krishna et al. 1992) . Individuals carrying such inversions have an increased risk of unbalanced progeny ranging from 1 to 10% (Gardner and Sultheriand 1996) .
In the present investigation, we report two cases of pericentnc inversion of chromosome 9 in heterozygous condition with CHDs of which, one is a familial case SMITHA RAMEGOWDA, MYSORE R, SAVITHA ET AL.
MATERIALS AND METHODS
Case Report
Case 1: The male proband was the first-born child of nonconsanguineous parents, spontaneously delivered after an uneventful pregnancy with a birth weight of 2.5 kilograms. Clinical investigations revealed the presence of CHDs with no other clinical abnormalities. Echocardiographic examination of the proband confirmed the presence of total anomalous pulmonary venous connection as the defect (TAPVC). For further investigations, the proband was referred for cytogenetic investigation.
Case 2: The male proband was the second twin child bom to nonconsanguineous parents ( Fig. 1) , delivered by caesarean operation after an uneventful pregnancy with a birth weight of 2 kilograms. Clinical investigations of the proband revealed the presence of CHD. Echocardiographic studies confirmed the CHD as tetralogy of fallot (TOF). The proband was further referred for echocardiographic examination and cytogenetic analysis.
Cytogenetic studies
With the consent of the family members, chromosomal analysis for both the probands and parents of case two was carried out on peripheral blood lymphocyte culture using standard protocol of Seabright (1971), with little modifications. Giemsa banded metaphases were screened using Leica DMRA2 research microscope. A total of 50 well-banded metaphase plates were analyzed and karyotyped according to the International System for Human Cytogenetic Nomenclature (ISCN 1995).
RESULTS
Case 1: Pedigree analysis revealed that there was no history of birth defects or genetic defects 
